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Introduction
- CO2 separation from biogas and natural gas is

necessary.

- Membrane technology is a better choice compared to
the current energy consuming and expensive
adsorption and absorption based techniques [1-5].

- Zeolite membranes are promising materials with
potentially high flux and selectivity.

- Due to the suitable pore size, CHA and DDR zeolite
has a great potential for CO2/CH4 separation [6,7].

Conclusion
- CHA crystals with different Si/Al ratios (∞ and 77) were prepared, and CO2 adsorption isotherms over crystals were measured.

- Toth’s adsorption isotherm was fitted to the experimental data, and adsorption parameters were estimated.

- The single gas and mixture CO2 and CH4 transport over a high-quality CHA membrane with a Si/Al ratio of about 77 was
measured.

- The membrane was highly CO2-selective with a CO2/CH4 mixture separation factor of 104 at 284K.
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Experimental
- CHA crystals with Si/Al ratios of 77 and ∞ were

synthesized following the method described in our
previous report [6].

- Aluminum isopropoxide was used to introduce Al into
the sample.

- Adsorption isotherms were measured using an
ASAP2020 instrument.

- Morphology of the crystals were studied by scanning
electron microscopy (SEM, FEI Magellan 400 field
emission XHR-SEM).

- Single component and mixture permeation were
measured as described previously [6].
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Figure1. Application of zeolite membranes in CO2 separation from 
natural gas

Results and Discussion
- Fig. 2 a and b show the crystals in both samples are several μm large, and consequently with a

low external area/internal area ratio, which is ideal for adsorption studies.
- Fig. 2 c shows the zeolite crystals are well inter-grown and form a continuous membrane without

defects. The Si/Al ratio of the membrane is about 77 (not shown).
- Toth’s model could be fitted to all experimental adsorption data (Figure 3).
- Aluminium increases the basicity of the zeolite framework by changing its electric field, thereby

resulting in slightly higher heat of CO2 adsorption[8,9] (Table 1).
- The maximum single component CO2 permeance was 88×10-7 mol Pa-1 m-2 s-1 at 300 K (Fig.4

a).
- A much lower single component permeance was observed for CH4 and it reached a maximum of

0.94×10-7 mol Pa-1 m-2 s-1 at 225K (Fig. 4 a).

Figure2. SEM images of CHA-zeolite crystals: a) Si/Al=∞, b) Si/Al=77, and membrane: c) (top 
view).

Figure 3. Experimental data (points) and fitted Toth’s model (curves) for 
CO2 adsorption: a)Si/Al=∞; b)Si/Al=77.

Figure 4. a) Single component CO2 and CH4 permeances, b) CO2/CH4 ideal selectivity, and c) 
mixture separation factor and selectivity observed for a CHA membrane with Si/Al=77. 

Si/Al Csat(kmol m-3) ΔHads. (kJ mol-1) ΔSads. (J mol-1)
∞ 31.0 -25.2 -130.6
77 31.0 -25.7 -130.6

Table 1. Estimated adsorption parameters from adsorption data.

- A maximum ideal selectivity of about 120 was observed at 290 K (Fig. 4 b).

- A maximum separation factor of 104 for a 50/50 CO2/CH4 gas mixture was observed at
284K, with a corresponding separation selectivity of 167 (Fig. 4 c).

- A model for the mass transport of CO2 and CH4 through the zeolite based on the
measured adsorption data is under development.
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